Ecological sanitation is a system that, unlike the traditional waterborne sewerage and pit toilet systems, regards human excreta as a resource to be recycled rather than as a waste. There is, however, little or no information on the fertiliser value of human excreta in South Africa. This study, therefore, evaluated the effectiveness of human manure as a source of nutrients using cabbage as a test crop at Ntselamanzi location, Alice, South Africa as part of a project intended to generate knowledge and good practice in ecological sanitation. Treatments were arranged in a randomised complete block design with 4 replications and consisted of a control, 100 kg N•ha -1 as goat manure, and 4 non-zero rates of human manure and NPK fertiliser applied to supply the equivalent of 50, 100, 200, and 400 kg N•ha -1 . Human manure resulted in higher cabbage yields than goat manure but was out-yielded by inorganic fertiliser. The greater effectiveness of human manure when compared with goat manure was attributed to the fact that it was a better source of K and P for plants as it maintained higher levels of these nutrients in soil than goat manure. For greater agronomic effectiveness, the human manure should be co-applied with some inorganic N fertiliser as it proved to be a poor source of nitrogen. The human manure increased soil pH and therefore has potential for improving crop growth in acidic soils through its liming effects as well. The dry human manure was evaluated as comparable to Type B sludge in South Africa with respect to microbial content and could therefore be used to fertilise some crops/plants provided stipulated restrictions to minimise human exposure are adhered to.
Introduction
Most rural and peri-urban households in South Africa are not yet connected to a sanitation system for proper management of their wastes. According to Austin and Ducker (2002) both financial and water resources are also scarce in some of these areas making a water-carrier sewage system inappropriate because it requires lots of water and is costly to install. Most of these areas are also faced with a worsening problem of soil fertility decline and low yields caused by soil fertility depletion resulting from exhaustive cropping and insufficient return of nutrients to the land (Laker, 1976; Mandiringana et al., 2005 ). An ideal sanitation system for these areas is one that would:
• Not require expensive reticulation systems • Conserve water • Allow the safe recovery and recycling of nutrients from human excreta for soil fertility improvement. Ecological sanitation (ECOSAN) toilets have been designed to meet these goals (Simpson-Herbert, 1997) . The most common ECOSAN toilet is the urine-diverting type in which the urine is diverted away from faeces via a specially designed pedestal (Fig. 1 ). These toilets use little or no water and the excreta is not discharged or buried in deep pits. This system is thus better than the conventional latrine-based systems common in many rural 134 areas in Africa, as it enables the hygienic recovery of faeces and urine for possible use as soil amendments. Urine contains few pathogenic micro-organisms but may contain Ascaris ova and Schistosoma eggs (Drangert, 1998) . However, human faeces always contain high amounts of enteric micro-organisms including many pathogens and opportunistic pathogens, even when the affected person does not experience any symptoms (Heinonen-Tanski and van Wijk-Sijbesma, 2005) . The faeces from ECOSAN toilets are sanitised to some extent in the collection chamber of the toilet through drying and the addition of lime or wood ash. The lime or wood ash raises the pH and accelerates pathogen destruction. On average a person produces between 30 and 110 kg, wet weight, of faeces per year corresponding to 10 to 15 kg of dry matter (Lentner et al., 1981; Vinneras, 2002) .
The amounts of nutrients found in urine and faeces vary from person to person and from region to region depending on the nutrient content of the food consumed (Vinnerås and Jönsson, 2002) . Urine has a high content of readily available nitrogen, phosphorus and potassium and its fertilising effect is reported to be similar to that of nitrogen-rich chemical fertiliser (Kirchman and Petterson, 1995) . Faeces on the other hand have high contents of phosphorus and potassium in ionic form but the nitrogen is only slowly released as it is organically bound in undigested food remains (Kirchman and Petterson, 1995) . Both waste materials, however, have great potential for improving the fertility of impoverished soils.
The technology of ecological sanitation or 'dry box toilets' has been used successfully for many years in a number of countries, e.g. Vietnam, China, Mexico, El Salvador, Guatamala, Ethiopia, Zimbabwe and Sweden (Esrey et al., 1998; Wolgast, 1993; and Esrey and Andersson, 2001 ). Ecological sanitation is, however, not yet widely used in South Africa despite the obvious benefits of the approach. To address this shortcoming a project was undertaken to develop good practices for ecological sanitation in South Africa in terms of toilet design and agronomic uses of products of ECOSAN toilets.
South African studies on the fertiliser value of human urine were reported previously but only preliminary local results have so far been reported on the agronomic effectiveness of human manure (Mnkeni et al., 2006; . This paper reports results of a study that evaluated the fertiliser value of dry faeces from pilot urinediversion (UD) toilets. Table 2 ). The rates of application were based on nitrogen since this is often the most growth-limiting nutrient. Only one rate of goat manure was included for comparative purposes.
Materials and methods
The dry goat and human manure samples were sieved through an 8 mm sieve prior to application. All manure treatments were broadcast and manually incorporated in the top 200 mm of soil using hoes, followed by irrigation, one week before cabbage seedlings were transplanted. Basal applications of P and K applied in combination with the inorganic fertiliser treatments were at recommended rates for cabbage based on soil tests done by the Fertiliser Advisory Service of the Döhne Agricultural Development Institute, Stutterheim, South Africa. The 
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P and K treatment (Control B) was included to determine crop performance in the absence of nitrogen, but with adequate P and K. The P and K were broadcast just before transplanting, while N treatments as LAN were top-dressed 4 weeks after transplanting.
Members of the KwaSomgxada Community Garden Project were responsible for day-to-day maintenance of the plots with oversight from the researchers. The crop was grown under irrigation using a dragline sprinkler irrigation system with water pumped from the nearby Tyume River. Irrigation was managed by the host farmer, and generally consisted of two irrigation cycles of 3 h each per week. Harvesting was done on 19 November 2003 from a net plot area of 4 m 2 achieved by disregarding the outer (guard) rows in each plot. The harvested cabbage heads were weighed on site but were later transported to the laboratory where sub-samples were taken for dry matter determination and nutrient (N, P and K) analysis. Total N was determined by dry combustion using a LECO TRUSPEC C and N auto-analyser (LECO Corporation, 2003) while total P and K were determined following wet digestion with H 2 O 2 /H 2 SO 4 as described by Okalebo et al., (2002) . Total K in digested samples was determined by AAS while total P was determined by the molybdenum-blue method (Olsen and Sommers, 1982) .
Soil samples were taken after harvest from the top 15 cm soil of each plot, air dried, and ground to pass through a 2 mm sieve; and analysed for total carbon, soil pH, electrical conductivity (EC), and selected macro-and micronutrients. Total C was determined by dry combustion using a LECO TRUSPEC C and N auto-analyser. Soil pH was measured in water at a soil: water ratio of 1:2.5 using a pH meter with a glass and reference calomel electrode (Model pH 330 SET-1, 82362, Weilheim, Germany) after the soil suspensions were shaken for 30 minutes and equilibrated for 1 h. Electrical conductivity was measured in water at a 1: 2.5 soil: water ratio using a conductivity meter (Model Cond.330i/SET 82362, Weilheim, Germany Merwe et al., 1984) and analysed by AAS. Soil-extractable P was also extracted using the Ambic-1 procedure and the P concentration in the extract determined by the molybdenum-blue method (Olsen and Sommers, 1982) .
Data analysis
Some seedlings failed to establish on some plots so covariance analysis was conducted on the cabbage yield data with plant population as the covariate in order to eliminate the effects of uneven plant stand. The rest of the data was subjected to analysis of variance (ANOVA) using the MSTATC statistical package. Means separation was done using Duncan's Multiple Range Test (DMRT) at the 0.05 level of significance.
Results and discussion
Goat and human manure had comparable pH and EC values ( Table 2 ). The EC values were very low, suggesting that soil application of both amendments should not cause salinity problems. The pH of the manures was slightly alkaline, indicating that their application to acidic soils would have a liming effect. Human manure had lower concentrations of all macro and micro nutrients determined than goat manure ( Table 2 ), suggesting that human manure would be a poorer source of nutrients. The C: N and C: P ratios of the two manures were well below the cutoff ranges for decomposition of organic materials and release of N and P. However, the C: N and C: P ratios of goat manure were lower than those of human manure, suggesting that the goat manure could decompose and release its N and P more readily.
Inorganic N fertiliser substantially increased cabbage yields above both control treatments (Controls A and B), as well as the goat manure treatment (Table 3, . The 100 kg N•ha -1 treatment was the only one that gave a statistically significantly higher yield than both controls, as well as being the only one to give a significantly higher yield than the lowest inorganic N treatment, the human manure and goat manure treatments.
Observations during the growing season showed that inorganic N application rates above 100 kg N ha -1 supported bigger plants but these failed to head properly as a result of the lush growth. In contrast to inorganic fertiliser, rates of human manure application equivalent to 50 -200 kg N•ha -1 increased yield only slightly and more or less to the same extent (Table 3) . Only the highest rate of human manure application (400 kg N•ha -1 ≡ 21.6 t•ha -1 of human manure) caused a substantial increase in yield. This could be explained by the fact that nutrients in inorganic fertiliser are immediately available to growing plants, whereas a large proportion of nutrients in both human and goat manures are organically bound in undigested food/feed remains and become only slowly available through mineralisation (Kirchman and Petterson, 1995) . The results suggest that for human manure to have an effect on cabbage under our experimental conditions, at least 20 t•ha -1 has to be applied. Human manure at a rate 100 kg N•ha -1 resulted in slightly, but not statistically significantly, better yield than goat manure at the same rate (Table 3 ). This yield difference was not related to tissue N as human manure and goat manure at this rate, produced similar levels of N in the plants (Table 3) . This was contrary to expectations that goat manure would have resulted in higher tissue N levels in plants as a result of its higher N content and narrower C: N ratio (Table 2) . Human manure at 400 kg N•ha -1 gave a substantial, but not statistically significantly higher, yield than goat manure at 100 kg N•ha -1 . This was associated with a statisti- Human manure increased tissue P concentration relative to the absolute control but the increases were only statistically significant at rates of human manure application supplying 100 or more kg N•ha -1 (Table 3) . Human manure at all levels resulted in higher K concentrations in plants than goat manure, though the increases were not statistically significant (Table 3) . Each increment in human manure application was accompanied by a corresponding increase in cabbage tissue K concentration. These results suggested that observed slight differences in yield could have been, at least partially, influenced by differences in the release patterns and availability of P and K from the goat and human manures.
Soil analysis after harvest showed that all the fertiliser and manure treatments maintained higher, but non-significant, levels of extractable P relative to control A (Table 4) . However, soil P levels in all treatments, including the unfertilised control, were more than adequate for optimum crop production (FSSA, 2007) . Therefore it is not surprising that yields were not significantly related to plant tissue P levels. Levels of extractable P in the inorganic fertiliser treatments were, as expected, more or less the same since they received a uniform rate of P application.
Comparison of treatments applied at the same rate of nitrogen (100 kg N•ha -1 ) showed that human manure resulted in higher levels of extractable P and K in the soil compared to goat manure (Table 4) even though the potential total P and K contribution of human manure was lower than that of goat manure (Table  2) . Therefore, the higher tissue P and K concentration associated with human manure when contrasted with goat manure (Table 3) could be due to the greater ability of human manure to release and maintain higher levels of available P and K in the soil. These results are in agreement with those of Kirchman and Petterson, (1995) who also reported high levels of P and K in 137 human faeces. It is possible that the human manure decomposed and released available P and K in soil more readily than goat manure because it contains fewer lignaceous materials than goat manure. However, it is also possible that the higher available P and K status of the human manure could have been, at least partially, contributed by the ash often used as a dehydrating/sanitising agent in ECOSAN toilets from which the human manure was collected. These findings suggest that the P and K in human manure is readily released and can have a positive effect on crop growth in P and K deficient soils. While the experimental soil had adequate levels of P (Table 4) , there are many P-deficient soils in South Africa (Mandiringana et al., 2005; Henry and Smith, 2006 ) that could benefit from this amendment. Inorganic fertiliser consistently decreased pH relative to the control (Table 4) even though the N source used was limestone ammonium nitrate (LAN), which contains some lime. Its continued use could in the long term lead to acidity problems at this site. By contrast, human manure had no effect on pH at low rates of application but increased it at the highest rate of application suggesting that its regular use could have a liming effect in acidic soils. This effect was consistent with the observed slightly alkaline pH of human manure (Table 2 ). These results suggest that applications of human (and goat) manure may in the long term raise soil pH to levels where it can induce trace element (notably Zn) deficiencies in crops. Fertiliser and manure treatments had no consistent effect on total C, EC, Ca, Mg, or Cu (Table 4) . However, Zn levels in soil tended to decrease with increasing levels human manure application.
Generally, the results indicated that human manure has good fertiliser value especially with respect to P and K. But evidently it is not a good source of N, and therefore where used it should be applied with some inorganic N for greater effectiveness. The rate of human manure application should be based on the crop's P requirements while inorganic N and K could be applied at rates calculated to supplement the amounts of these nutrients supplied by the human manure.
While the recycling of human manure through use as a soil amendment may reduce the need for chemical fertilisers in some soils, it also has the inherent risk of recycling pathogens found in human excreta if appropriate precautions are not taken (Höglund, 2001 ). This concern is even greater in developing countries where faecal material has high pathogen contents (Jiménez et al., 2002; . Cisneros et al., (2006) showed that dry faecal material extracted from UD toilets in the eThekwini region of South Africa had a microbial content comparable to sludge classified as Type B in current South African regulations (WRC, 1997) . In terms of these regulations, Type B sludge may not be used for:
• Household vegetables consumed raw or cooked or for tobacco production • Private gardens (lawns, shrubs and vegetables).
It may, however, be used for other types of crops with some restrictions to minimise human exposure. These other crop types include vineyards and fruit trees (excluding private gardens), cereals and sugar cane, public gardens and traffic islands, public gardens and recreational areas, nurseries, crops for grazing and dry fodder production, grass or other crops for stabilising mine dumps, as well as natural veld and tree plantations (WRC, 1997) . The human manure used in this study which was obtained from UD toilets in Mthatha could be considered similar to the one from eThekwini Municipality used by Cisneros et al., (2006) . Therefore, although human manure was found to improve cabbage yields to some extent; it cannot be recommended for fertilising this and other household vegetable crops but can be considered as a soil amendment for the other crop types listed above.
Conclusions
Dry human manure resulted in higher cabbage yields than those yields achieved using goat manure but was inferior to inorganic fertiliser. The better agronomic effectiveness of human manure when compared to goat manure was attributed to its higher potassium and phosphate fertiliser value as it released and maintained higher levels of extractable K and P in soil. Human manure was however, a poor source of N so for greater agronomic effectiveness it should be co-applied with some inorganic fertiliser N. Human manure increased soil pH and thus has the potential of improving crop growth in acidic soils through its liming effect as well. Based on these findings human manure from urinediversion toilet systems in South Africa has good potential for use in soil productivity improvement in certain sectors of South African agriculture where regulations allow the use of Type B sludges.
